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Abstract 
The action of bus pulling in and out of bus stop on urban expressway has a spread effect on the main road traffic flow, which 
leads to the queue or traffic congestion on the main road during rush hours. By taking a section in the South Third Ring Road of
Beijing as example, the traffic flow parameters of wave source in the upstream and downstream were investigated and analysed, 
and the parameters describing the fluctuation characteristics were obtained. The traffic fluctuation rules were also studied by
spatial-temporal scales. By monitoring the abnormal changes in traffic fluctuations, a rapid responsive strategy can be given by
the traffic management departments according to different types and levels of traffic disturbances, which can provide technology
sustains and ensure the traffic safety. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Urban expressway is applied in the metropolises to afford the heavy traffic because of its advantages such as fast, 
smooth and comfortable. Thus, many bus lines were placed on urban expressway, which not only improve the 
transport efficiency, but also extend the scope of bus service. However, when the bus stations are set on the roadside 
of the expressway, buses have to slow down to pass in and out the station to pick the passengers up and down, which 
generates an interference to the continuous flow on the main road and results in a weaving area on the expressway. 
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Consequently, it usually leads to the queue of vehicles or traffic congestion on the main road, especially during rush 
hours. 
Domestic and foreign scholars have taken some researches on traffic wave characteristics that disturbed by the 
buses pulling in and out of stops on urban expressway. In foreign countries, expressway was usually regarded as 
freeway, and the research methods and results of traffic flow theory comprehensively were introduced and 
summarized by Nathan et al. [1]. As for the study of public transportation, it mainly concentrated on bus stop 
spacing optimization, location and setting. Anthony [2] discussed the calculation method of the vehicle delay in the 
signalized intersection when a bus stop was located at its upstream religion, and it was proved that the delay time 
was correlated with the following factors: the distance from the bus stop to the stop line, the link traffic volumes, the 
departing intervals of the buses, the stop time on the bus stop and the signal control parameters of the intersections. 
Rodrigo [3] elaborated the length of the bus queue and the traffic efficiency in the intersection when the bus stop 
cannot accommodate enough buses. Yang et al. [4] divided ramp into three cases, and the transformation process of 
the traffic flow operational state in each case were analyzed with traffic wave theory. Above all, the mechanism of 
traffic wave that disturbed by buses pulling in and out of stops on urban expressway was not discovered and 
discussed. 
In this paper, the traffic flow parameters of wave source in the upstream and downstream were probed by taking 
MuXiYuan expressway segment as example, and then, after investigating the traffic flow data at the investigation 
site, data mining technology and AutoScope software was used to extract the parameters describing the fluctuation 
characteristics. Finally, the traffic fluctuation rules were summarized by both spatial and temporal scales, which help 
traffic management departments to make a rapid responsive strategy through monitoring abnormal changes in traffic 
fluctuations. 
2. Data collection 
Traffic fluctuation experiment was carried out in two steps: Firstly, field investigations. A section of an 
expressway was chosen as an investigation site to collect traffic flow data, and this section had to meet two 
conditions: where at least one bus stop was located, avoiding excessive congestion but with high traffic flow. The 
experiment time started at the rush hour in the morning, and lasted two hours, so it was guaranteed that the 
formation, development process and variation of the traffic flow during peak hours can be recorded completely. 
Secondly, data analysis in the laboratory. Three statistical indicators were chosen to describe the traffic fluctuation, 
which are flow, speed and density respectively. Statistical time was five minutes or shorter. The characteristics of 
wave and the cycle (generating, sustaining and dissipating) of wave fluctuation were calibrated [5]. 
2.1. The investigation site 
As discussed above, the typical investigation site should have a relatively clear peak, in which the traffic 
fluctuation can develop and lift in two hours. Therefore, a section near Muxiyuan interchange in South Third Ring 
Road, which is one of the expressways in Beijing, was selected as the investigation site, where several bus stops 
were located, as shown in Fig. 1. 
2.2. The investigation time 
The investigation time was selected in peak hours when the continuous flow was easy to be influenced by buses 
pulling in and out of the stops. According to the experience accumulated from the previous study, the morning peak 
hours was selected as the investigation time. 
2.3. Data-collection method 
The video facility was utilized to capture the traffic flow data, which is used to observe traffic fluctuation 
condition. The traffic fluctuation was observed in the direction from west to east, and the traffic flow in the section 
from the west entrance to the east exit (the bus stop was in the middle of the section) was recorded by two cameras. 
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The cameras were mounted at an overpass where the upcoming drivers would not easily notice, so as to eliminate its 
interference to drivers. During the data processing, an important analysis tool “Autoscope” was used in the 
laboratory, which has a high efficient to obtain traffic flow, vehicle model, speed, density and other characteristic 
data automatically. All data in this study are true and dependable with the help of “Autoscope”. 
Fig. 1. diagram of the investigation site. 
3. Analysis of traffic flow parameters 
Speed, density and flow were used to represent the traffic flow characteristics, but the three parameters perform 
differently in the upstream and downstream or at the bus stop, as described in the following sections. 
3.1. Speed distribution and changing rules 
Fig. 2 shows the speed-time curves of the traffic flow in three different positions: the upstream of bus stop 
section, bus stop section and the downstream of bus stop section. It is obvious that the speed changes along with the 
investigation time, and the crests and troughs emerge constantly. Wave fluctuation is drastic before 26 minutes and 
it tends to become relatively steady later. The speed-time variation rules in the upstream and downstream of the bus 
stop are similar to those in bus stop section. 
3.2. Density distribution and changing rules 
Fig. 3 shows the density-time curves of the traffic flow in the upon positions: the upstream of bus stop section, 
bus stop section and the downstream of bus stop section. It can be concluded that the density changes along with the 
investigation time, and the crests and troughs emerges constantly. The fluctuation tends to be a constant value, 
which shows the number of cars is nearly uniform. The traffic fluctuation tends to be steady after 26 minutes, 
because the wave superposition weakens the effects. 
3.3. Flow distribution and changing rules 
By considering the flow-time data in detail, it can be inferred that the flow varies in different sections along with 
time, and the crests and troughs emerge constantly. The flow-time curves of traffic flow in the upstream, 
downstream and bus stop section was shown in Fig. 4. 
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Fig. 2. speed-time curves of traffic flow in the upstream, downstream and bus stop section. 
Fig. 3. density-time curves of traffic flow in the upstream, downstream and bus stop section. 
Fig. 4. flow-time curves of traffic flow in the upstream, bus stop section and downstream. 
3.4. The relationships of traffic flow parameters 
Besides the above analysis, some relationship can be established among the traffic flow parameters and the traffic 
fluctuation. First, it can be analysed temporally. Take the bus stop section as the object, it can be seen that the 
parameters change dramatically at first within the investigation period, and that's precisely the period that various 
buses pulled in and the vehicles on the expressway were numerous. Consequently, the parameters get steady, 
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because the traffic flow was not disturbed by buses any more during that time, which shows the generation and 
dissipation of the traffic wave were also a relatively steady state at that time. Secondly, it can be analysed spatially. 
The change of the parameters in the upstream of the bus stop is smaller than the ones at the bus stop (wave source), 
and they are often in direct proportion, which is in line with the actual traffic phenomenon. 
Overall, Speed, density and flow, can reflect the generation and dissipation of traffic wave. However, due to their 
unique property, it is worth mentioning that speed and flow change uniformly, and density changes inversely with 
them. If speed and flow are used to depict the traffic fluctuation, the smaller speed and flow are, the larger impact 
suffered by traffic wave is. Conversely, If density is used to describe the traffic fluctuation, the larger density is, the 
smaller impact suffered by traffic wave is. The scatter diagrams of the relationship between speed, flow and density 
in bus stop section were shown in Fig. 5. 
It can be seen that there were an inverse relationship between speed and density. When a bus is pulling in, the 
density increases, and the speed decreases correspondingly, so fluctuations occur at this time. Therefore, the time 
that buses pull in is just the turning point that speed and flow change. 
Fig. 5. scatter diagrams of the relationship between speed, density and flow in the bus stop section. 
In summary, the characteristics of traffic fluctuation can be captured by analysing the oscillation amplitude of 
speed, density and flow. 
4. Traffic fluctuation rules 
4.1. Traffic fluctuation characteristics 
From the above analysis, it can be learned that traffic fluctuation has obvious characteristics reflected by traffic 
flow parameters. Speed, density and flow often present larger fluctuation in 1~3 minutes when traffic fluctuation 
appears. According to the statistical results, the oscillation amplitude of speed can reach an average of 15.5 
(km/h)/min in the traffic fluctuation, while the relative oscillation amplitude of flow can reach 52%/ min, and the 
oscillation amplitude of density can also achieve 50%/min. Whereas when traffic fluctuation does not appear, the 
oscillation amplitude of speed drops to 3.2 (km/h)/min, and the oscillation amplitude of flow is less than 16%/min, 
and density indicator is less than 37%/min. 
4.2. Traffic fluctuation sustainment 
The sustaining periods of traffic fluctuation is different because of its different causes. For the cause that buses 
pull in and out of the station on the urban expressway, the traffic flow will be a long state of “high oscillation” when 
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buses pulling in and out of station frequently during rush hours. The state of “high oscillation” will come to an end 
unless buses no longer pull in and out of the station frequently or the background traffic flow declines. The duration 
of traffic fluctuation is the intersection of the two periods. 
4.3. Traffic fluctuation dissipation 
According to the data analysis, the dissipation of traffic fluctuation is a mutation process, not gradual. For 
example, the oscillation amplitude of speed decreases significantly at first, then changes gentle, and without 
repetition, which shows the essential characteristic of traffic fluctuation is unstable and reflect the inherent character 
of fluctuation caused by the event itself. But unlike the congestion during rush hours whose traffic fluctuation last 
long and appear repeatedly, the fluctuation caused by bus pulling in and out of the station is uncertain and lasts a 
long time. The traffic fluctuation will disappear when the frequency of buses in and out of station or the background 
density decreases [6, 7]. 
5. Conclusions 
In this paper, traffic wave characteristics of bus pulling in and out of the bus stop on the urban expressway had 
been studied and traffic fluctuation rules were proposed on spatial-temporal scales. Flow, speed and density were 
chosen to describe traffic fluctuation characteristics, and the three parameters were investigated at bus stop section, 
and in its upstream and downstream. After half a month of data analysis, it is observed that the amplitudes of the 
three parameters oscillate viciously when the frequency of buses pulling in and out of the bus stop or the 
background traffic flow is large. The phenomenon is usual, especially on urban expressway, which usually leads to 
the low speed of traffic flow, even the queue of vehicles and traffic congestion. Only when the frequency of bus 
pulling in and out of the bus stop drops, or the background traffic flow starts falling, the traffic fluctuation will come 
to an end. By monitoring abnormal changes in traffic fluctuations, a rapid responsive strategy can be given 
according to different types and levels of traffic disturbances for traffic management departments, which can 
provide technology sustains and ensure the traffic safety. 
Traffic fluctuation is caused by many reasons, and what we have discussed above is only one of them. Further 
studies should be carried out to analyse traffic fluctuation rules from a variety of aspects. 
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